Background. Over the past years, eosinophil infiltration involving the gastrointestinal tract and pancreas leading to eosinophilic pancreatitis, eosinophilic gastroenteritis and hypereosinophilic syndrome has been reported in the literature.
INTRODUCTION
Over the past years eosinophil infiltration involving the gastrointestinal tract (GI) and accessory digestive organs, especially the pancreas and gallbladder has been identified and studied.
Cases of pancreatitis associated with eosinophilic gastroenteritis (EGE) and hypereosinophilic syndrome (HES), although rare, have been reported in the literature since 1970. Also, in some of the cases when tissue histopathological analysis was performed it revealed eosinophilic infiltration in the pancreas. In the last years, another new entity, eosinophilic pancreatitis (EP), still not clearly defined as separate disease, but considered an uncommon type of chronic pancreatitis showed similar characteristics to those described in patients with other eosinophil related diseases.
We aimed to analyze and compare the features involving patients with eosinophilic pancreatitis and pancreatitis associated with eosinophilic gastroenteritis and to determine if there are two independent disorders or if they in fact meet the diagnostic criteria for hypereosinophilic syndrome.
MATERIAL AND METHODS
The following search was performed in March 2019 on PubMed (MEDLINE) database using the medical terms "pancreatitis", "eosinophilic pancreatitis", "eosinophilic gastroenteritis" and "hypereosinophilic syndrome" (eosinophilic pancreatitis)
OR (pancreatitis AND (eosinophilic gastroenteritis OR hypereosinophilic syndrome).
Subjects with increased IgG4 level were excluded, as their association with eosinophilic pancreatic infiltration will be later discussed.
RESULTS
The search revealed 119 publications from 1970 onwards. A total of 83 papers: 16 narrative reviews, 18 case reports involving IgG4 related diseases, 43 case reports without evidence of EGE, HES, EP or pancreatitis and 6 papers without abstract or full text were excluded (Fig 1) . The remaining 36 publications were further classified into 3 groups: patients with eosinophilic gastroenteritis and pancreatitis (EGE-P), hypereosinophilic syndrome and pancreatitis (HES-P) and eosinophilic pancreatitis (EP) only.
A total of 45 patients, 25 males and 20 females, with median age 39 years were analyzed both separately and in comparison according to allergy history, clinical, laboratory, imaging and histopathological features involving the duodenum and pancreas, as well as disease evolution and relapse frequency.
EGE and pancreatitis group (EGE-P)
There have been reports of EGE associating pancreatitis during its evolution. We identified a total of 20 patients diagnosed with EGE and either increased pancreatic enzymes or history of acute pancreatitis of unknown etiology. Males and females with median age 38 (range 17-74 years) are equally affected. All patients had high eosinophil blood count, but less than half (7/20) had increased IgE levels.
History of allergy was reported in 8 cases: asthma (3/8) [1, 2] , rhinitis (1/8) [3] , pet allergy (1/8) [4] , food allergies involving cow's milk (2/3) [5, 6] and egg allergy (1/3) [7] , as well as association of allergic diseases (asthma, rhinitis and food allergy) (1/8) [5] .
Overall abdominal pain was the most frequent symptom (19/20) , followed by nausea/vomiting (12/20) , weight loss (10/20) and diarrhea (7/20) .
Patients with abdominal pain also experienced at least one additional symptom: diarrhea, nausea/ vomiting and weight loss in 3/19 cases [1] , nausea/ vomiting and weight loss 4/19 [5, 6, 8, 9] , diarrhea and nausea/vomiting 3/19 [7, 10, 11] or only abdominal pain associated with weight loss (2/19) [2, 12] , nausea/vomiting (2/19) [1, 4] and diarrhea (1/19) [3] . Jaundice (5/20) [2, 6, 9, 13] , deep vein thrombosis (1/20) [11] , history of lipodystrophy at the age of 7 years (1/20) [12] and CA125 (1/20) [3] or IL5 (1/20) [14] values above the range were also reported. In 8 patients the pain started 3 months or more before the moment of diagnosis. Some of them also had eosinophilic ascites [15] as a sign of gastroenteritis subserosal layer involvement (8/20) .
Even though 15/20 had pancreatic enzymes above the limit, only 87% (13/15) of them were 286 diagnosed with acute pancreatitis at admission and only in 6 cases MRI or CT scan detected a pancreatic lesion.
4/6 had a solid lesion in the head of the pancreas [2, 9] , 1/6 showed only diffuse enlargement of the pancreas [11] , while 2/6 had cystic lesions: one in the pancreatic head [3] and the other in the uncinate process [8] .
All 5 patients with jaundice had stenosis of the intrapancreatic portion of the common bile duct [2, 6, 9, 13, 16] , but only 2 of them associated narrowed main pancreatic duct [2, 9] . Retained gastric secretions were observed in 4 patients showing features of duodenal (2/20) and gastric outlet obstruction (2/20) .
Despite the fact that 2 patients had a history of diabetes mellitus [2, 12] , in 18/20 cases there was a lack of data regarding screening for endocrine and exocrine pancreatic insufficiency.
According to the fact that duodenal involvement in EGE is believed to cause pancreatic duct obstruction, imaging, endoscopic and histological features of the duodenum were analysed. CT scans showed duodenal wall thickening in 12 cases, of which in 8 patients upper endoscopy revealed signs of duodenitis (7/20) , papilitis (1/20) [1] and multiple ulcerated nodules (1/20) .
Histopathological analysis established the diagnosis of EGE after high eosinophilic infiltrates were noticed in the duodenum (15/20 patients), stomach (11/20) , esophagus (3/20) , small bowel (2/20), colon (2/20) and even duodenal papilla (2/20) .
Besides the GI involvement, surgical biopsies also revealed eosinophilic infiltration in the bone marrow (2/20), both kidneys and abdominal lymph nodes (1/20) , liver (1/20) and gallbladder (1/20) in 25% patients, but only in 2 cases HES diagnostic work-up was done [3, 8] and according to the authors HES criteria were not met.
Pancreatic tissue samples, obtained from 5 patients during surgery for suspected pancreatic cancer (PC), revealed different stages of fibrosis in all patients, but only 3 of them had eosinophilic pancreatic infiltration. In addition, in two patients besides intra and interlobular fibrosis, lobular atrophy [2] or almost total replacement of pancreatic exocrine glands by fibrosis [12] has been described ( Table 1) . Until proven otherwise, 5 of the 20 patients with EGE-P were initially diagnosed with pancreatic cancer (3/20) [2, 13] , gastric lymphoma (1/20) [6] or polyarteritis nodosa (1/20) [9] .
Besides supportive measures for pancreatitis episode and conservative treatment in a patient with food allergies [7] , 7/20 received corticotherapy (CS) [1, 3, 8, 11, 14, 17] , 1/20 sodium cromoglycate [1] , while the remaining patients received in addition to CS: montelukast (1/20) [10] , Ketotifen (1/20) [6] and both histamine and leukotriene receptor antagonist (1/20) [5] .
A total of 45% (9/20) patients had surgery, either for diagnostic (2/9) or treatment (7/9) [1, 2, 4, 9, 12, 13] purposes. Two patients with obstructive jaundice, two with duodenal and gastric outlet obstruction, one with chronic pancreatitis who previously had a subtotal pancreatectomy [12] and other 2 with potentially malignant solid pancreatic lesions underwent curative surgery (Table 2 ). In addition to surgery 2 patients received corticotherapy [1, 9] . Diagnostic laparoscopy with gastric fullthickness biopsy [6] and peritoneal biopsy [8] was performed in 2 subjects. Most patients (75%, 15/20), despite the ongoing abdominal pain had only one documented episode of acute pancreatitis, 3/20 had 2 episodes, while one subject with 4 documented acute pancreatitis episodes already showed imaging features suggestive of chronic pancreatitis. In addition, microscopic pancreatic tissue analysis at the moment of diagnosis, revealed features of chronic pancreatitis in 2 patients with weight loss and jaundice, but with only one documented episode of acute pancreatitis, in the absence of significant abdominal pain.
Most of the patients (18/20) treated with CS showed satisfying results, at least for a short time. Two patients, one initially treated with sodium cromoglycate [1] and another who underwent subtotal pancreatic resection [12] did not show significant improvement.
Relapses defined as acute pancreatitis recurrence associated with transient eosinophilia were documented in 3 patients: in one patient while tapering down CS, resolved after Sodium cromoglycate was added to the treatment [1] ; in the second at 1 year distance from the first episode as such previous treatment with Prednisone and montelukast was reinstated [10] ; and in a third patient with history of lipodystrophy and repeated exploratory laparoscopy for unexplained abdominal pain who initially underwent a subtotal pancreatectomy without abdominal pain resolution, such that after 2 years total pancreatectomy was performed but hemorrhagic complications occurred and the patient died [12] . Only in 3 patients with EGE the diagnosis of eosinophilic pancreatitis was confirmed. Apart from the three patients who had eosinophilic pancreatic infiltration, in most of the cases, in the absence of pancreatic tissue analysis, pancreatitis was believed to be a consequence of duodenal eosinophilic infiltration (11/20) , eosinophil-induced direct toxic endothelial injury (1/20) or food allergy (1/20).
Patients with HES and pancreatitis
Our search revealed only 5 patients with HES and pancreatitis, median age 50 years [18] [19] [20] [21] [22] , all with increased eosinophil blood count, 3 of them with increased IgE levels and 1 with history of allergy. Abdominal pain and diarrhea (3/5), nausea/ vomiting (3/5) followed by weight loss (2/5) were the most common symptoms.
Of 3/5 patients initially suspected of pancreatic cancer, 2 of them had jaundice and one pyloric narrowing, but data regarding imaging pancreatic features were reported only in one patient who had a cephalic pancreatic mass, causing narrowing in the distal common bile duct, associated with body and tail atrophy.
Although all patients had multiple organ involvement, duodenal eosinophilic infiltration was reported only in 2/5 patients. Pancreatic tissue samples from 4/5 patients, obtained during surgery, EUS-FNA and autopsy revealed eosinophilic infiltration in all patients, in one of them associated with pancreatic fibrosis (Table 3) .
Data regarding treatment and evolution were available only in 3 patients. Surgery involving pancreaticoduodenectomy was performed only in one patient, while 2 of them received CS associated with dietary restrictions or biliary stenting. It appears that in patients with HES-P, treatment approach should take into account that HES implies multiple organ involvement, even in the absence of significant symptoms, as was the case of a patient initially treated with CS and dietary restriction who died after 3 years; autopsy report showed eosinophil infiltration involving the pancreas, heart, lungs, bone marrow, thyroid, GI and ovaries [22] .
Patients with eosinophilic pancreatitis
Lately, patients with inflammatory infiltrate involving the pancreatic tissue, composed mainly of eosinophils have been classified as a rare form of chronic pancreatitis [23] or recurrent acute pancreatitis [24] , eosinophilic pancreatitis (EP).
A total of 20 patients, with median age 39 years, including two fetuses of a Type I Diabetic mother were diagnosed with EP. Gender ratio of 12 males to 8 females might suggest that males have a higher chance of developing EP than females.
75% (15/20) of the patients had increased eosinophil blood count and 4 of them had either mild allergic symptoms (1/20), shellfish allergy (1/20) or asthma (2/20) [24] [25] [26] [27] , while increased IgE levels were reported only in 5/20 patients.
Abdominal pain was the most frequent symptom (15/20, 75%) [12, [24] [25] [26] [28] [29] [30] [31] [32] [33] [34] [35] , followed by nausea/vomiting (5/20, 25%), weight loss (2/20, 10%), diarrhea (1/20, 5%) and jaundice in 7/20 patients. Apart from one patient who accused recurrent abdominal pain during the previous 18 years, in the rest of the cases pain started shortly before hospital admission.
At the moment of diagnosis pancreatic enzymes above the upper limit of normal were reported only in 7 patients (47%) with abdominal pain.
Pancreatic Although all patients had eosinophilic pancreatic tissue infiltration, histologic features in those with solid lesions were different from those with cystic lesions. Samples from patients with solid pancreatic lesions revealed diffuse acinar and interstitial eosinophilic infiltrate, in some cases associated with fibrosis (2/20) and even with main pancreatic duct involvement (1/20) [27] ; and as the inflammatory process persisted, intralobular fibrosis progressed and atrophied lobules [36] without Langerhans islet involvement [26] were identified. On the other hand, in patients with cystic lesions, increased number of eosinophils infiltrated only the fibrous wall of the cyst and the perilesional region causing focal pancreatic tissue atrophy, while the rest of the pancreas was histologically unremarkable [26] .
Two cases of EP were fetuses of a Type I Diabetic mother [37, 38] , in which autopsy reports showed a different pattern of pancreatic eosinophilic infiltration; it appears that in these two cases eosinophils either surrounded or infiltrated the pancreatic islets of Langerhans, while the exocrine pancreas was relatively spared.
Despite the fact that CT scans showed duodenal wall thickening only in 2/20 patients [31, 35] and upper endoscopy revealed duodenitis in one patient [28] and papilitis in three [26, 28, 31] , random endoscopic biopsies from the duodenal mucosa revealed eosinophilic infiltration in 40% (8/20) cases. Of the three patients with papilitis identified during endoscopy, only in two the duodenal papilla was infiltrated with eosinophils.
In 9 (45%) patients with EP, eosinophils also infiltrated the gallbladder (5/9) [24, 26, 29, 31] , common bile duct (3/9) [26, 31] ,spleen (2/9) [26, 30] , liver (1/9) [31] , abdominal lymph nodes (4/9) [26, 28, 30, 31] , mediastinal lymph nodes (1/9) [26] and bone marrow (1/9) [32] . (Table 4 ) Only 2 of the 9 patients with multiple organ involvement and other 5 patients only with pancreatic eosinophilic infiltration were further investigated for HES. [29] .
In addition, cholecystectomy was performed in 2 patients [24, 29] , gastrojejunostomy and tube cholecystotomy in one due to duodenal obstruction [28] , and multiple pancreatic duct stents were placed for pancreatic duct leak in another one [24] , while en block distal pancreatectomy and splenectomy followed by Cromoglycate administration [30] was performed in a patient with cystic lesion of the tail. In addition to biliary stenting (2/20) and surgery (1/20), prednisone, often 40 mg/day, was initiated only in 5/20 patients (25%) [12, 28, 32, 34, 36] .
Despite the fact that pancreatectomy and pancreaticoduodenectomy represented a short-term solution for 2 patients with solid pancreatic lesions, GI symptoms and increased eosinophil blood count reoccurred after 2 or 12 months, suggesting that surgical treatment might not be enough in some patients. However, one patient with bone marrow involvement treated only with CS for a short period of time developed fluctuant eosinophilia, without criteria for pancreatitis after 2 months, such that CS were successfully reinstated.
Given the fact that in most cases abdominal pain was reported shortly before hospital admission and imaging studies revealed potentially severe pancreatic pathology, surgical treatment was performed in most patients even in the absence of a documented pancreatitis episodes thus data regarding relapsing pancreatitis was not gathered.
DISCUSSION
Both "eosinophilic gastroenteritis" and "eosinophilic pancreatitis" are relatively rare pathologies. A PubMed search revealed 903 articles regarding eosinophilic gastroenteritis, 25 regarding eosinophilic pancreatitis and 2544 regarding hypereosinophilic syndrome.
While both males and females equally developed EGE-P, HES-P and EP affected mostly males, with median age 38 years for patients with EGE-P, 39 years for those with EP and 50 years for patients with HES-P. Increased eosinophil blood count was reported in all subjects with EGE-P and 290 HES-P, while in the group with EP only 75% had hypereosinophilia. History of allergy was more frequent in patients with EGE-P (40%; 8/20) in contrast to those with EP (20%; 4/20) or HES-P (20%; 1/5), while IgE levels were mostly increased in HES-P patients (60%) and less often in EP patients (25%).
Regarding clinical presentation, abdominal pain was the most frequent GI symptom in all three groups (EGE-P 95%; EP 75%; HES-P 60%), followed by nausea or vomiting (EGE-P 60%; EP 25%; HES-P 60%), while weight loss (EGE-P 50%; HES-P 40%; EP 10%) and diarrhea (EGE-P 35%; HES-P 60%; EP 5%), signs of chronic pancreatitis were more frequent in the EGE and HES groups, suggesting that GI symptoms in these two groups are probably a consequence of mucosal eosinophilic infiltration and not of exocrine pancreatic insufficiency.
However, a study from 1985 involving patients with alcohol induced pancreatitis showed that there is a correlation between pain severity and the eosinophilic infiltration percentage [39] .
Although there are no data on pancreatic enzymes values or acute pancreatitis episodes in the HES-P group, it seems that those with EGE-P (75%; 15/20) had higher pancreatic enzymes more frequently than EP patients (35%; 7/20).
Some authors [4] [14] proposed that duodenal eosinophilic infiltration causes marked swelling in the duodenal wall layers, sometimes involving the duodenal papilla [40] , leading to pancreatic duct obstruction and intrapancreatic enzyme activation and acute pancreatitis; moreover, as the inflammatory process continues patients may develop chronic pancreatitis [41] .
While analyzing features involving the duodenum, we discovered that patients with EGE-P, unlike those with EP, showed more frequent imaging (Table 5) . Table 5 Comparison between patients with EGE-P, EP and HES-P
EGE-P (n = 20)
EP (n = 20) Also, eosinophilic GI infiltration may be difficult to assess due to the patchy pattern, thus more patients with EP may have duodenal involvement, supporting the theory that acute pancreatitis episodes in patients with EGE might be caused by duodenal inflammation.
HES-P (n = 5)
CT and MRI scans showed pathological pancreatic features in all three groups (70% EP; 30% EGE-P; 20% HES-P); most patients had solid lesions situated in the pancreatic head, without significant difference regarding prevalence (35% EP; 20% EGE-P; 20% HES-P). Cystic lesions were less frequent, 10% in both EP and EGE-P patients, while pseudocysts were reported only in patients with EP.
Both CBD and Wirsung stricture were more frequent in EP (25%) in contrast with EGE-P patients who had mostly CBD stricture (15%). However, serum pancreatic enzyme levels did not correlate with pathologic imaging features.
Unlike eosinophilic esophagitis when a count of 15 or more eosinophils per high-powered microscopic field (HPF) establishes the diagnosis [42, 43] , until now there is no established consensus for eosinophilic gastroenterocolitis, nor for eosinophilic pancreatic infiltration [44] [45] [46] (Table 6 ). [46] Some studies suggested that in healthy patients eosinophils do not infiltrate the pancreas [47] .
Besides the three previously described pathologies, eosinophils infiltrating the pancreatic tissue were also reported associated with more common diseases in both human and animal subjects.
In animals and birds eosinophilic infiltration was caused by Strongylus equinus infection [48, 49] , Toxocara canis infection [50] , hematological disorders such as lymphoma [51, 52] and experimentally induced after injecting purified scorpion toxin [53] .
In humans is still difficult to establish the pathogenesis of eosinophilic pancreatitis, but frequent causes for different grades of eosinophilic pancreatic infiltration include food allergy [13, 54] , hypersensitivity response to medications such as carbamazepine [55, 56] , parasitic infections [57] , alcoholic [39] and non-alcoholic chronic pancreatitis, especially with pseudocyst formation [58, 59] and pancreatic cancer [27, 60, 61] . Less frequent pathologies such as pancreatic allograft rejection, inflammatory myofibroblastic tumor [24] and histiocytosis X were also reported [26, 27, 62] .
Studies have shown that scattered eosinophil infiltration is also present in patients with lymphoplasmacytic sclerosing pancreatitis, also known as autoimmune pancreatitis (AIP) type 1, usually characterized by increased IgG4 levels [24, [63] [64] [65] [66] [67] .
In 2009, Detlefsen et al., while evaluating the usefulness of EUS-FNB in diagnosing AIP, assessed eosinophil infiltration besides granulocytic epithelial lesions, IgG4-positive plasma cells, cellular fibrosis with inflammation, lymphoplasmacytic infiltration and venulitis. They considered more than ten eosinophilic granulocytes/HPF cut-off, and showed that both AIP (62.1%) and non-AIP chronic pancreatitis patients (33.3%) had pancreatic eosinophil infiltration [68] .
While a study showed that HES patients can also have increased IgG4 levels [69] , some authors incline to consider EP a form of AIP [2, 26, 70, 71] .
In fact, the term eosinophilic pancreatitis should be used only when pancreatic tissue samples determine that eosinophils are the predominant inflammatory-cell type.
It appears that clinical and imaging features, sometimes highly suggestive for pancreatic cancer, guided the diagnostic work-up, therefore pancreatic tissue samples, mostly obtained at surgery were analysed in all patients with EP and in only 25% with EGE-P. More than half (3/5) of the pancreatic samples from patients with EGE-P showed eosinophilic infiltration. In both EGE-P and EP patients, eosinophilic 292 pancreatic infiltration resulted more often in solid or cystic focal inflammatory mass formation. There is no different pattern of eosinophilic infiltration in patients with EGE-P and EP, as it seems that in both groups periductal, acinar and septal eosinophilic disposition was discovered.
Another theory, sustained by the fact that some patients had microscopic signs of pancreatic fibrosis at the moment of diagnosis, promotes that eosinophils may cause a direct toxic effect due to cytotoxic and proinflammatory mediators [4] . Also, while dealing with recurrent pancreatitis episodes, in the absence of histological proof of pancreatic tissue eosinophil infiltration, it is more probable to assume that pancreatitis in patients with EGE might be in fact caused by duodenal swelling, rather than eosinophil-induced direct toxic effect.
Regarding the pattern of eosinophilic infiltration, affecting mostly the exocrine pancreatic tissue, patients should probably be tested at least for pancreatic exocrine insufficiency.
A total of 12/45 patients, 3 with EGE, 1 with HES and 8 with EP had both duodenal and pancreatic eosinophil infiltration and 8 of them associated other organ involvement besides GI, but HES diagnostic work-up was done only in one of the EGE-P and EP patients (Table 7) . Table 7 Patients with both duodenal and pancreatic eosinophilic infiltration
Ref

Dx
Other organ involvement HES Dx work-up [2] EGE-P Liver (biopsy) no [12] EGE-P No no [13] EGE-P No no [28] EP Abdominal lymph nodes yes [29] EP Gallbladder no [30] EP Spleen, abdominal lymph nodes no [26] EP Spleen, gallbladder, mediastinal lymph nodes no [26] EP CBD, peripancreatic lymph node no [26] EP CBD, gallbladder no [31] EP CBD, gallbladder,regional lymph nodes, liver no [35] EP No no [19] HES GI, skin, lymph nodes, heart, nerves, arthritis, pleural effusion yes CBD: common bile duct; GI: gastrointestinal.
Although less probable, we might be tempted to assume that in some cases EGE-P might be explained by eosinophil migration from the duodenum into the pancreas or from the pancreas into the duodenum in those with EP [28] . For example, one of the patients had eosinophilic infiltrates in both GI and pancreatic tissue as well as the surrounding structures [31] , and another one had dense adhesions around the duodenum involving also the portal vein [12] .
However, is difficult to classify patients with EGE presenting with pancreatitis episodes, as well as those with EP and GI involvement, especially when associated with eosinophil blood count above 1500/mm 3 , as GI or pancreatic infiltration might be the first expression of HES [19] .
When dealing with a patient with EGE and pancreatitis, it is important to obtain pancreatic tissue samples, especially in patients with pancreatic lesions, in order to assess eosinophil infiltration. Echoendoscopic pancreatic evaluation along with EUS-FNB or even endoscopic ultrasound-guided through-the-needle microforceps biopsy are safe, minimally invasive methods for diagnosing patients with features suggestive for pancreatic and/or GI eosinophilic infiltration, avoiding unnecessary surgery.
Although corticotherapy was mostly used in EGE-P patients, while most subjects with EP and HES-P underwent surgery, besides multiple GI biopsies and close follow-up, CS should be added at least in those associating other organ involvement.
CONCLUSION
There is no significant difference regarding clinical, laboratory and imaging features between patients with EGE-P, EP and HES-P. Although there are various theories that explain pancreatitis episodes and pancreatic abnormal imaging features in patients with EGE, hypereosinophilia diagnostic work-up should be taken into account in all patients with high number of blood eosinophils; even in those with eosinophilic pancreatitis in order to establish the diagnosis using a minimally invasive approach and to apply an adequate treatment. 
